ABSTRACT -The objective of this study was to evaluate the quality of raw milk in different production systems and its variation throughout the year. The data were collected from 943 dairy farms in the South, Central-West and Central regions of the state of Minas Gerais, and in Vale do Paraíba, in the state of São Paulo, Brazil. The data were collected in the period from January 2009 to September 2011, in a total of 18,206 samples. The properties were divided into confinement, semi-confinement and extensive production systems. The evaluated factors were somatic cell count (SCC), total bacterial count (TBC) and protein and fat contents. There was no effect of production system on the contents of protein, fat and SCC. Total bacterial count, however, was affected by production. Seasonal variations were found for SCC, TBC, protein and fat; the highest protein values were found from March to June; the highest fat contents were obtained from May to August; and TBC and SCC, from December to March. The production system does not interfere with the percentage of fat and protein and SCC of the milk. However, confinement systems present a better TBC content. Both month and year are factors that interfere with TBC, SCC, protein and milk fat, and the best patterns are found in the coldest periods of the year.
Introduction
Milk is one of the most complete foods in nutritional terms; it is rich in nutrients essential for growth and maintenance of a healthy life (Vilela, 2002) . The importance of adding milk to the human diet is because of its richness in proteins, fats, carbohydrates (lactose), mineral salts, vitamins, conjugated linoleic acid, sphingomyelin, butyric acid, among other substances, which provide immunologic protection and essential nutrients to its consumers (Sordillo et al., 1997; Oliveira et al., 1999) .
The milk agro-industrial system is composed of important segments to the Brazilian economy, as it generates employment, wealth and taxes, in addition to being one of the biggest agro-industrial systems of the world (Castro et al., 1998) .
From the technological viewpoint, the quality of raw materials is one of the main obstacles to development and consolidation of the dairy industry in Brazil. The criteria employed to define the quality of raw milk have been modified to meet the official regulation demands of industry and consumers, and aim mostly at meeting requirements of food safety and better industrial yield (Bressan and Martins, 2004) .
So as to ensure evolution in the quality of the milk produced, the Brazilian Ministry of Agriculture, Livestock and Food Supply (MAPA), through the Department of Inspection of Animal-Origin Products (DIPOA), published the Normative Instruction no. 62/2011 (IN 62) , modifying the Normative Instruction no. 51, published previously. Thus, from January 1st, 2012, the new normative, No. 62/2011 (IN 62) now regulates the quality of the raw milk produced, with new limits for total bacterial count (TBC) and somatic cell count (SCC) (Brasil, 2011) .
According to quality parameters stated on IN 62 for the period from January 07, 2008 through December 12, 2011 in the South, Central-West and Southeast of Brazil, in which the present study is inserted, the maximum standard plate count (SPC) allowed is 7.5 × 10 5 cfu mL -1 and SCC is 7.5 × 10 5 SC mL -1
. For the period comprised between 01/01/12 and 06/30/2014, the maximum SPC must be 6.0 × 10 5 cfu mL -1 and SCC of 6.0 × 10 5 SC mL . Lastly, from 07/01/16 onwards, a maximum SPC of 1.0 × 10 5 cfu mL -1 and 4.0 × 10 5 SC mL -1 of SCC will be permitted (Brasil, 2011) .
Given the above, the objective of this study was to evaluate the raw milk quality in different production systems and its variation over the year.
Material and Methods
We used 18,026 samples from 943 producers, collected from January to September 2011. Data were separated by production system (Table 1), month (Table 2) or year (Table 3) .
The farms were divided into confinement, semiconfinement or extensive systems. The confinement system was characterized by feeding animals with silage of corn and/or sorghum and/or sugarcane during all the year plus supplementation with concentrate. The semi-confinement system was characterized by the use of pasture during the rainy period and corn silage and/or sorghum silage and/or sugarcane during the dry season, with supplementation of concentrate in both periods. The third system had pastures used during all the year with concentrate supplementation. Mineral supplementation was used over the course of all periods (rainy and dry) in all production systems.
Two bottles containing approximately 50 mL of milk were collected from each farm to be analyzed. The milk was taken directly from the expansion tank with the aid of a ladle, previously disinfected with 70% alcohol. The preservatives utilized were Azidiol, for analysis of TBC, and Bronopol for SCC and milk composition. Samples were kept under refrigeration until they arrived at the laboratory.
Five samples were collected monthly from the tank of each supplier. Of these five samples, two were discarded (the numerically largest and smallest) and the average of the three other samples was calculated. This average was used by the company to calculate the payment for quality to the suppliers.
In our study, we also utilized the average corrected for the analysis. Samples were stored for a maximum of seven days in a refrigerator until the laboratory analyses were performed. equipment. The somatic cell count, however, was obtained by flow cytometry using a Fossomatic (FossAnalytical) or a SomaScope (Delta Instruments) device, and total bacterial count (TBC) was performed by flow cytometry methodology and BactoScan (FossAnalytical) or Bactocount (BentleyInstruments) equipment.
To evaluate the production systems, we used a completely randomized design in a mixed model, where the production system was considered a fixed effect, and farmer, year and month within year were considered random effects of the model.
The data pertaining to year and month were analyzed in a completely randomized design in an arrangement of subdivided plots repeated over time, having years as plots and months as subplots. In this model, production systems and farmer were isolated as random effects.
Means between the production systems and months of the year that were significant by the F test were compared by the t test at 0.05 probability. For all statistical analyses, the SCC values were transformed in somatic cell score (SCS) by the function SCS = [log2(SCC/100,000)]+3, described by Dabdoub and Shook (1984) , and TBC values were transformed in base 10 log (logTBC). For all evaluations, the significance level of 0.05 was considered critical for fixed effects, and 0.10 for the random effects. Analyses were performed with PROC MIXED procedure of SAS (Statistical Analysis System, version 9.2) statistical software.
Results
Production systems had no effect on levels of protein, fat and SCC, but total bacterial count was affected (Table 4) .
Evaluating the seasonal variation of milk quality, an increase could be observed in protein from February to April, which remained so in May and June (Figure 1 The variation in TBC throughout the year is directly linked to the season of the year. It started to increase from October, which coincides with the beginning of the rainy season, remaining at higher values until March and falling in April (Figure 3 ). Somatic cell count reduced in June, remaining so until September and increasing from October (Figure 4) . Moreover, there was a downward trend as the years passed. 
Discussion
The results (Table 4) are possibly a consequence of the program of payment for quality implanted by the dairy industry in the year prior to that from which the data were obtained. The implementation of payment systems for the milk is based on making producers manage their production according to the needs of the market (Pirisi et al., 2007) . For instance, if the market pays incentives for total solids with bonuses for protein and fat, producers will start to seek technologies to increase the concentration of these components in milk.
Since the implantation of this type of bonus, in 2002, there has been a significant improvement in the quality of the milk from farmers. An important measure of support the agro-industry offered to its suppliers was the adoption of a quality-assurance team responsible for the training of workers, technical staff and corrections of abnormalities from 2004 to 2007. In addition to these actions, in 2006 there were changes in prices paid and an increase in the rigor of bonus ranges. Thus, analyzing the mean values for protein, TBC, SCC and fat, we can say that the producers of the three production systems meet IN-62 for the present period.
Alterations in protein content can be achieved at a much lower magnitude than the possible changes in fat contents, because of several factors (Sutton, 1989) ; among them are environmental factors and even alterations of management. The influence of genetics on the protein content can be characterized by considering the different breeds. About 55% of the variability in protein content is caused by genetics; the rest is environment-related (Santos and Fonseca, 2007) .
Environmental factors are related to the production level, lactation stage, cow age, sanity and nutrition. Considering that there is availability of feed, we can affirm that the adjustment of diets by technicians who assist the farms results in a variation of about 10 to 20 g kg -1
. Furthermore, in spite of being a high-heritability trait, the result of the genetic investment regarding the choice of bulls that will increase the solids content can only be evaluated after a few generations. White et al. (2002) assessed the confinement system with the use of total diet and pasture system (with supplementation of grains and hay, according to the availability of feed). The pasture system showed lower milk yield and greater crude protein content (35 g kg -1 ) than confinement (34 g kg -1 ). However, these authors did not work with data obtained from a program of payment for protein in the milk to the producers. Zanela et al. (2006) , however, did not find any difference in terms of crude protein from the milk between the same studied systems.
The main factors that affect the milk fat content are: breed; animal individuality; lactation stage; feeding; body condition score; sanitary conditions of the mammary gland; interval between lactations; and the moment of milking at which the sample is collected (Fox and Mcsweeney, 1996; Lane et al., 1997) . Thus, breed may have strongly affected the results found herein (Table 4) , since there is predominance of Holstein blood in the studied region for the different systems.
Considering animals of the same breed and productive potential, the main factors associated with milk composition are: dry matter intake, quality, fiber digestibility and energy/protein diet ratio (Jenkins and McGuire, 2006) . In the extensive system, the low density of nutrients and reduced fiber digestibility usually limit dry matter intake considerably during the time of lowest rainfall (Santos and Fonseca, 2000) , leading to imbalance between energy and protein (Ponce et al., 1999) . When associated with adequate forage supply, supplementation can prevent such alterations in the milk production and composition (Bargo et al., 2002) .
Another strategy that has been increasingly used in the extensive system, which can explain the non-decrease of fat, is the adoption of technologies such as pasture deferment and rotational grazing with elevated fertilization. In this way, the quantity and quality of dry matter ingested in winter is better.
In confinement and semi-confinement systems feed supply during all year ensures that there will be no oscillations in the fat content. In these systems, in which there is greater utilization of concentrates and sources of fermentable carbohydrates, a low milk fat concentration can be an indicator of ruminal acidosis (Nocek, 1997) .
The somatic cell count (Table 4) by the farmers and agro-industries, as well as a payment table that really stimulates the producer to make decisions for reduction in SCC. This lack of financial stimuli to the producer leads them not to make decisions that would really cause an impact on SCC, such as discard of cows, discard of milk, and drying of teats. For bigger producers, who are usually grouped in semi-confinement and confinement systems, the discard of a small group of animals generates a great impact on the quality without brining significant economic losses. In the extensive system, any type of animal or milk discard generates a great impact with economic loss to producer, both in animals and milk volume, since this is mostly about small farmers. Another fact that should be taken into account is that most of the times, financially speaking, the base price paid for the milk liter, even with the bonus or penalization for quality, is higher.
The drop in SCC is extremely important for the producer, because with a healthier herd they will have animals of greater productivity, lower expenditure with medications and veterinary, and greater optimization of the time spent milking and consequently better economic return and milk quality. On the other hand, the effectiveness of IN 62 should be focused on governmental actions that ensure the training of farmers so that they can reach the levels determined.
The difference among the production systems for total bacterial count is possibly related to the type of structure used to feed the animals. In the rainy period, animals in the extensive and semi-confinement system arrive at the milking parlor with larger amounts of dirt in the udder. Given that, the two main measures for control of TBC are reduction of the initial bacterial load of the milk and rate of multiplication of bacteria, and the former can be cited as the main cause of the difference found in TBC. Since the agro-industry collects milk only from refrigerated tanks, this aspect would possibly be an explanation to characterize the difference between the systems.
The daily cleaning of beds and corridors where the stabled animals stay provides a place with lower amount of organic matter, and consequently lower bacterial contamination. In addition, animals housed in beds decrease the probability of lying down on dirt. In the extensive and semi-confinement systems, because cows tend to gather in shaded places, which are subjected to greater accumulation of feces, they arrive at the milking parlor with dirtier teats.
Analyzing the size of the properties, because confinement systems tend to have a higher average milk volume, the damage caused by the non-receipt of bonus for TBC is greater than that of properties with extensive and semiconfinement systems.
The main causes of contamination stem from the external surface of the udder and skin of the teats and of the udder itself, which all serve as contaminants when they come into contact with manure, mud, bed and other materials; the water used for cleaning the equipment and other tasks; contact between milk and milking devices and/ or utensils and tank with deficient cleaning and sanitization; presence of animals with mastitis in certain situations; and poor refrigeration of the milk, which will not start, but only aggravate the problem (Santos and Fonseca, 2000) .
Maintaining the teats clean and dry is so important for the bacterial count that, according to Galton et al. (1986) , performing pre-dipping along with manual drying reduces bacterial contamination by about 54%. Thus, the rigor with the hygiene of the teat and inadequate drying can be the cause of the difference found for TBC in the different production systems. This control is probably greater at the properties of confinement systems, since the damage caused by the non-adoption of these practices is bigger.
An explanation for the higher values of protein in the months of June, July and August is the greater thermal comfort for animals and availability of roughage of better nutritional quality in this period. Some authors found that high environment temperatures reduced the total protein content and decreased the consistency of milk clots of four different breeds, which was lower in summer and higher in winter (DePeters and Cant, 1992; DePeters and Ferguson, 1992) .
The animal thermal comfort is an important subject of consideration. In these three systems, most properties did not provide animals with adequate thermal comfort, and a greater dry matter intake is certain in confinement systems in the winter simply because of the drop in temperature and humidity. In the extensive and semi-confinement systems, the lack of shade for animals in the summer is reduced. Another common trend is lower milk supply in the market and higher prices in the dry months. Thus, there is stimulus for a higher purchase of inputs with consequent use of better-quality products in animal feeding.
In an experiment carried out in the South of Brazil, Martins et al. (2006) found significant differences between the months for protein percentages. The minimum protein values occurred in July and August, and the highest in the months of spring and beginning of summer, coinciding with an improvement of climate conditions and greater availability and quality of pastures.
Among the factors that reduce milk protein content are low dry matter intake, lack of degradable protein, and lack of non-structural carbohydrates (Peres, 2001) . Since the number of properties with a semi-confinement system is larger, it is also possible to associate the higher percentage of protein in winter months with better feeding of the herd and higher dry matter intake.
The year effect is usually explained by economic factors such as prices paid to producers, payment for quality, and prices paid for the inputs, which can also act by encouraging or discouraging production. Differences in climate, feeding and quality of the forage offered between the studied years, besides the different needs according to the milk production, also justify the effect of year on the productive performance of dairy cows (Ribas et al., 2004) .
The results obtained for milk fat are different from those found by Martins et al. (2006) and Gonzales et al. (2004) . However, several interactions of nutritional factors can affect the quality and composition of milk fat, such as quantity and quality of the fiber, concentrate level in relation to roughage supplied, location and extent of starch degradation, fatty acid composition and inertia, and ruminal degradability of supplemental fat (Ashes et al., 1997) . Naikare et al. (1992) studied factors that affect production as well as the percentage of milk fat in crossbred Girolando cows and observed that the percentage of fat in the summer (40.1 g kg -1
) was lower than winter (40.5 g kg -1
), which also occurred in our study (Figure 2) .
The higher fat values found in the dry period in May, June and July can be related to the period of greater use of concentrate along with the adequate amount and size of the roughage supplied. In addition, good preservation of feeds and adequate nutrition affected these indicators. Over the years there may be a natural variation in the milk fat due to the environment temperature and humidity. With heat, thermal stress causes loss of CO 2 via respiration, lowering the blood pressure, which reflects in an increased pH, and consequently reduction of buffer reserves in the saliva, which directly affects the fiber ruminal degradation and milk fat (Carvalho, 2000) .
Concerning the variation among years, the quality and management of roughages produced are remarkable characteristics. These factors are directly related to the milk prices and precipitation, which ensure well-fertilized and productive crops.
The total bacterial count was higher in the rainy period, maybe because the disinfection and drying of teats (predipping) can be compromised as a result of animals arriving dirtier at milking parlor, which may represent higher initial microbial load of the milk if this procedure is not performed thoroughly.
For the raw milk to provide more quality the initial bacterial load must be lower and there must be a rigorous system of refrigeration of the post-milking production (Arcuri, 2006) . Because 100% of the evaluated producers possess a milk refrigeration system and the transport is bulked in isothermal tanks, the increased temperature in the rainy season cannot be considered a relevant factor to explain the difference between the months. An aspect to be considered is that the trained producers who reach good rates for TBC only have their TBC levels modified by a change in the staff or by controlling mechanical problems. As the technical assistance staff provided by the agro-industry comprehends most of the milk volume (not the number of properties), and the support from the milk buyers, who are also trained, it can be stated that they have been good support in the maintenance of these good numbers.
The decrease in TBC over the years is strongly related to these training processes. Because it is an indicator of easy manipulation and becomes a standard after accomplished, only very large anomalies are responsible for not achieving good results.
The results found in the literature diverge as to the SCC present in the milk. Evidence shows that there is no effect of year seasonality on the milk SCC (Vasconcelos et al., 1997; Gonzalez et al., 2004) . However, other authors have observed a decrease in the SCC of milk in the coldest times of the year (Noro et al., 2006; Olde et al., 2007) , which seems to be the closest result to what was found in this study.
In the summer, the temperature and humidity favor bacterial multiplication and so there is higher probability of contamination from the environment. The summer is the period with the highest incidence of clinical mastitis, especially that caused by the environment (Olde et al., 2007) . The stress caused by high temperatures and humidity also increases the susceptibility to infections and the number of pathogens to which cows are exposed.
Another explanation for the elevation in SCC in the hottest months of the year is the lower milk production and consequent concentration of somatic cells (Harmon, 1994) . Coupled with this is a greater probability of occurrence of isolated intramammary infections, which is the main factor responsible for the increase in SCC.
The occurrence of higher SCC in the milk produced in the months of September and October could also be associated with the existence of several cows at the end of lactation in the analyzed herds, since the synchronization of parity is strongly affected by climate, especially in extensive and semi-confinement systems. At the end of lactation, SCC increases, resulting in a greater occurrence of mastitis and also due to concentration of somatic cells that happens because of physiological reduction in the volume of milk produced (Harmon, 1994) .
Conclusions
The production system does not interfere with the percentage of fat and protein and the somatic cell count of milk. However, confinement systems provide better total bacterial counts. Both month and year are factors that interfere with total bacterial count, somatic cell count, and protein and fat of milk, and the best patterns are found in the coldest periods of the year.
